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Description 



SUmmarY d es 3 7 dithiaprostancic acid derives, processes lor the preparation ol them and 

The present invent.on prov,des 3,7-dith.aprosia 
pharmaceutical compositions conta.n.ng them. 
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COOR ,A 



3 5 / ~3A ( A ) 




OB 5A 



R 2 * 



40 ^-^^ 
R2A i S hydrogen atom or methyl, 
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is 




(B) 



,S C3C8 alk y' or 5-6 membered alicyclic ring). 
I... Mtaprosaalandin o.,(va«»e s « lomHlla (c) . 
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(Q 



OR 5C 



(wherein G is -COOR8C - C ONR9C R ,oc or . CH nR11c 
wherein R«c is nyd C 1 Cm 1 , " 

C3.ca a, M o, , MM „ uneubstitutsd 5* TOmbe , M alCfefc rjng ( 
are £££ 1^^^ » f — — ■ a ta 
Disclosure of the Invention 

The presenl invention provides 
(1 ) a 3,7-dithiaprostanoic acid derivative of the formula (I); 
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(wherein* is hydroxy, C1 -4 alkoxy or a group of the lormula: 



-NR 6 R 7 



15 



20 



25 



wherein R 6 and R?, independently, are hydrogen atom or C1-4 alky.. 
r2 is hydrogen atom or hydroxy, 
R 3 is 

(i) C1-S alkyl. C2-8 alkenyl or C2-8 alkynyl, 

K^-S? C^aS'or C2-8 alkynyl substituted by phenyl or C3-7 cycloa.kyl, 
hydrogen atom; 

a aootoxla sail .ha.aoi o. a cyckadaaaa alffltaata laereol 
,„ the ,, CH — — - " — — ~ "~ W 9 '° UP8 " ^ 

, " * art * RS roeans ** ^ w " y '' P, " ,eny '' hew '' 

TS. - 1. » — -«* ^ -** h,wl ' 

h T&^S%r,MC:-«» » - >° «■ — ° , * ps "' , '' 

40 clohexyl, cycloheptyl. 

In this specification the symbol: 



- ,„«,,aa a d»« ., — — — * ' i "" , ' S0 "« 

N 

\ 

55 indicates that the substituent attached thereto is behind the sheet, the symbol: 
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Table 14 (n) 
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Table 16 



(16) 




S_ .COOH 



OH 




OH 




OH 



OH 



OH 




OH 



OH 





OH 



OH 




Salts 

sans are ptos.abB. Suitable sa»s. to *',™L n meW (cateium . magnesium « >■ a™™"™ » 118 - 
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argmine, N-methyl-D-glucamine etc.). 
Cyclodextrin clathrates 

Processes for the Preparation 

(1 ) Among the compounds of the formula (I), compounds of formula (la): 




COOH 



(la) 



(wherein all symbols are the same meaning as hereinbefore defined ) 
may be prepared by hydrolyzing a compound of formula (lb): 




SrenTyme 01 "* *~ "~ ^ ™ *» «" - ^-inbefore defined.) 

solved™ 

enzyme (esterase, lipase etc.), at 0 50 °C P °' « ^ USin 9 an es,er c, ^ving 

(2) Among the compounds of the formula (I), compounds of formula (Ic): 




(wherein all symbols are the same meaning as hereinbefore defined 
may be prepared by amidation of a compound of the formula (la): 
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(wherein all symbols are the same meaning as hereinbefore defined.) 
with a compound of formula (III): 

HNR 6 R 7 (HI) 

(wherein all symbols are the same meaning as hereinbefore defined.). 

Amidation is known reaction, for example, in an inert organic solvent (tetrahydrofuran (THF), methylene chlo- 
ride, benzene, acetone, acetonitrile or a mixture thereof etc.), in the presence or absence of tertiary amine (dimeth- 
ylaminopyridine, pyridine, triethylamine etc.), using a condensing agent (1-ethyl-3-[3-(dimethylamino)propyl]car- 
bodiimide (EDC), 1,3-dicyclohexylcarbodiimide (DCC) etc.), at 0-50 °C. 

(3) Among the compounds of the formula (I), compounds of the lormula (lb): 




(wherein all symbols are the same meaning as hereinbefore defined.) 
may be prepared by hydrolyzing a compound of formula (II): 




(wherein R 2a is hydrogen atom or hydroxy protected by a protecting group which is eliminated under an acidic 
condition, R 20 is a protecting group which is eliminated under an acidic condition, R 38 is (I) C1 -8 alkyl, C2-8 alkenyl 
or C2-8 alkynyl, (ii) phenyl or C3-7 cycloalkyl, (iii) C1-8 alkyl, C2-8 alkenyl or C2-8 alkynyl which are substituted 
by phenyl or C3-7 cycloalkyl (with the proviso that when R 2 * is hydrogen, alkyl, alkenyl and alkynyl groups in (I) 
or (iii) may be substituted by hydroxy protected by a protecting group which is eliminated under an acidic condition); 
the symbol: 

is a double or single bond) 
in an acidic condition. 

A protecting group which is eliminated under an acidic condition means, for example, t-butyldimethylsilyl, triphe- 
nylsilyl, triphenylmelhyl, tetrahydropyranyl, 1 -ethoxyethyl, methoxymethyl, trimethylsilyl , etc. 

Hydrolysis under an acidic condition is known, for example, in a water-miscible organic solvent (THF, methanol, 
ethanol, dimethpxyethane, acetonitrile or a mixture thereol etc.),using inorganic acid (hydrochloric acid, phosphoric 
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Ed, toluenesulphonic acid, 



acid, hydrofluoric acid, hydrdfHFTluoride-pyridine complex etc.) or organic acid (acel 
trichloroacetic acid etc.), at 0-50 °C. 

The compound of the formula (II) may be prepared by the following reaction scheme (A) in the next sheet. 
Symbols in reactbn scheme are the same meaning as hereinbefore defined. 



Scheme (A) 



Bu2SnO 



HS^v^SH 
(IV) 



u 

OR 20 
(VII) 



(V) 



sr XOOR 



10 



H£> 2 IOW 



0* 

OR 20 
(VIII) 



HS > ^xv s ^S v COOR , ° 
(VI) 



alumina 



S^/s^S^COOR 10 
(IX) 



OR 



20 



2a PQ 



t-BuLi 

<- S >-Cu(CN)Li 



OR 



t 20 



In each reaction in this specification products may be purified by conventional manner. For example, it may be 
carried out by distillation under atmospheric or reduced pressure, high performance liquid chromatography, thin layer 
chromatography or column chromatography using silica gel or magnesium silicate, washing or recrystallization. Puri- 
fication may be carried out after each reaction, or after a series of reactions. 

Starting Materials and Reagents 

Starting materials and reagents are known per se or may be prepared by known methods. 
Properties of the Compound of the Invention 

The compounds of the present invention of the formula (I) bind and act on EP4 receptor which is a subtype of 
PGE 2 receptor. 

In a standard laboratory test, the activities of the compounds of the present invention were confirmed by binding 
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assay using expression cell of 
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j^Lanoid receptor subtype. 




assay «a« -a * — 
267 . 6463*166 (.992)) il«na "^"^i™ tecta (15 Sm. 0) me***, bum 

was calculated as me bound m '"•^"" , „ cifcSH -PGE i . binding by the Me, 
dissociation constant (K») 01 eac. 



Ki = IC 50 /(1 + lCVKd)) 




55 



TOX,C,tV rt D , the present invention of the formula (I) are very low. and 
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Application for Pharmaceu^P 

The doses to be administers o * . V V ° ral or P are Heral 

As mentioned above the doses ta h ar ™.strat.on between 1 and 24 

The compositions may also com ■ v,n y'Pyrrolidone or mag. 
™y. » «eli« r^tl 1 fc0 '"" 0 " " 8 i=Tc a *»» ca«a«n gl»co,a,e, saw,*, 

citric acid etc.). I^ta^n « TV*™* (S ° diUm Su,fa,e elc >. ^TbuZ^''^'^ substanc <* 

Othercompositionstorparenteraladmin/c , • ^.njec.ion immediately 
Reference Examples and Examples 
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he solvents used are by 

The solvents in paren,he»w ^^l^Z^'^e measfcPn a solution of CDC b . 
volume In chromatographic sepa^ 



, Adw the developing or eluting solvents and the 
lelfons. Unless otherwise specil.ed "NMR" were meas» . 



Relerence Example 1 

2,2-dibulyl-2-stanane-1,3-dithiane 



10 



25 



30 



^.hW (3 0 a) and dWM *™» ™<le(6.9 g) In bww «M irtMd. The ««» 
TLC . F« 0.68 (hexane:EtOAc=9:1). 
Relerence Example 2 
20 6-Mercapto-3-thiahexanoic acid methyl ester 

,COOMe 



35 



*r,«A t« a solution of 2 2-dibutyl-2-stanane-1 ,3-dithiane (9.38 g) in 
Brcmoacetic acid methy. ester (6.36 ^*^ a JE^£ 3 hrs "at 100 -C. Alter cooling, waler was 
anhydrous dimethyllormamide (DMF. 20 ml). The mix lure was _ st ' rrea was exUacted with ethy , aC etate. 

ad/ed to the reaction ^^J^S £ £21 grilled by co.umn chromatography on si„a 

TLC : Rf 0.60 (hexane:EtOAc=4:1). 

Reference Example 3 

.tyldimethylsi.yloxycyc.opentenon^yD-S.T-dithiaheptanoic acid methy. ester 



7-(4R-t-but< 



40 



45 




COOMe 



OTBS 



. „„ (9 7fi Q nn methanol (40 ml) was cooled with ice. An aq. solution of 

4R-t.butyldimethy.sily.oxy-2-cycloper ^J^^35. (0 05 ml were added to the solution. The mixture 

hydroperoxide (31 %, 5 ml) and a 1 N aq. ° ^.^^g^ a q gQ^jjon 0 f ammonium chloride was added to the reaction 
Jasstirredlor 1 Shrsatthe same tempe^tu e^Sat^ 

50 mixtureandthemixture was extracted^ d eslef 3, g) jn chtoroform {10 ml) and 

in chloroform (35 ml). A solut.cn ol 6-merca pt ^"J""™^ stjrfed Q * ernign , at room temperature. The react,on 

ss TLC : Rf 0.39 (hexane:EtOAc=4:1 ). 
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Reference Example 4 

11aJ5a-bis(t-butyldimethylsilyloxy)-9-oxo-3,7-d^ 



acid methyl ester 



S. .COOMe 




otbs a T8 s 



s l ly l ox y cyclopentenon-2-y.)-3,7-di.hiaheptanoic ^^^^5^3^- h"' ° f 7 i 4R -'- b *y«y.- 
hydrous THF (4 ml) was dropped to the solution at -78 °C tTJS ^ ^ * Re ' erenCe Exam P ,e 3 > in an " 

solution of ammonium chloride was added to the mixture Th 11? T S, ' rred 1 A " «*■ 
mixture was extracted by hexane. The organic aye/was washed d„ h t0 '° 0m ,em P era <^. The reaction 

tography on silica gel (hexane-ethy. acetate) toX^SS^^ST^ ^ PUriBGd 6y «*»" ch ™ a " 
TLC : Rf 0.55 (hexane:EtOAc=4-1) compound (258 mg) having the following physical data 



25 Example 1 

11a,15a-dihydroxy.g.oxo-3,7.dithi a prost.13E-enoic acid methyl ester 




45 



(8 ml) cooled with ice. The reaction mixture ^asTeZ ^^ZZ Re,e T rence Exam P< a «> * acetonL.e 
into a mixture of ethyl acetate and an aq. saturated scSLm b^^T^T' ^ reaC,i ° n miX,ure was P««* 
with ethyl acetate. The organic ,ayer waslashed. S^^^t^".,? ° ^ ^ miXtUfe W8S 6X,raC,ed 
tography on silica gel (chloroform-methanol) ,0 give the I^S^^T? PUr,tod by C °' U ™ chroma - 
havmg the following physical data. 'e compound (1 23 mg, equil.um mixlure with 8-epi compound) 

TLC: Rf 0.55 (CHCI3:CH30H =19 1) 

™XSS%$£5fl: "* 4 - 4 ' 3 <2H ' — "* «• «H 3-23 (2H, „. 3„. 2 ,e m m) . 



50 Example 2 

11 a t 15a-dihydroxy-9-oxo-3,7-dithiaprost-13E-enoic acid 



55 
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Phosphate buffer (10 ml; pH 7.4) was added to a solution of 11a,15a-dihydroxy-9-oxo-3,7-dithiaprosM3E-enoic 
acid methyl ester (48 mg; prepared in Example 1 ) in ethanol (1 ml). Pig liver esterase was added to the reaction mixture. 
The mixture was stirred lor 2 hrs at room temperature. A saturated aq. solution of ammonium sulfate was added to the 
mixture. The mixture was extracted by ethyl acetate. The organic layer was dried, evaporated. The residue was purified 
by column chromatography on silica gel (ethyl acetate) to give the title compound (39 mg; an equilibrium mixture with 
8-epi isomer) having the following physical data. 

TLC:Rf0.10(EtOAc); 

NMR : 6 5.79 (1H, dd), 5.64 (1H, dd), 4.3-4.1 (2H, m), 3.7 (1H. bs), 3.23 (2H, s), 3.0-2.4 (8H, m). 2.0-1.8 (2H, m), 
1 .7-1 .5 (2H, m), 1 .4-1 .2 (6H, m), 1 .0-0.8 (3H, m). 
20 

Example 2(a)-2(u) 

Compounds having the following physical data were given by the same manner in Reference Example 4, Example 
1 and 2. These compounds are equibulium mixtures with 8-epi isomers. 

2S 

Example 2(a) 



11aJ5a-dihydroxy-9-oxo-17p,20-dimethyl-3,7-dithiaprost-13E-enoic acid 




TLC : Rf 0.50, 0.44 (CHCI3:CH30H=9:1, 1% acetic acid); 

NMR: 6 5.75(2H, m), 5.06(3H, br), 4.53-4.05(2H, m), 3.42-2.18(8H, m), 3.23(2H, s), 1.88(2H, m), 1.58(2H, m), 
1.42-1.03(7H, m), 0.91 (6H, m) 0 

Example 2(b) 

11a l 15a-dihydroxy-9-oxo-17ct,20-dimethyl-3,7-dithtaprost-13E-enoic acid 



£0 




TLC : Rf 0.38, 0.22 (EtOAc:AcOH= 100:1); 

NMR : 5 5.74 (1H, dd), 5.67 (1H, dd), 4.77 (3H, br), 4.45 and 4.20(2H, each m), 3.23 (2H, s), 3.42-2.18 (8H, m) 
1 .88 (2H, m), 1 .62-1 .04 (9H, m), 0.89 (6H, m). 
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Example 2(c) 

1 1 a, 1 6p-dihydroxy-9-oxo-1 6a-methyl-3,7-dithiaprost-1 3E-enoic acid 




TLC : Rf 0.30, 0.23 (EtOAc:hexane:AcOH=6:2:1); „ rtLJ 
NMR ' 5 5 9-5 7 (1H m), 5.7-5.5 (1H, m), 4.5 and 4.1(1 H, each m), 4.1-3.7 (3H, br), 3.55-3.45 and 3.2-2.2 (10H, 
each m), 3.24 (2H, s), 2.0-1.8 (2H, m). 1.6-1.1 (6H, m), 1.23 (3H, s), 0.93 (3H, t). 



Example 2(d) 

1 1 a,15a-dihydroxy-9-oxo-3,7-dithiaprostanoic acid 




TLC Rf 0.30 (EtOAc:AcOH=100:1); 

NMR : 8 5.25 (3H, br), 4.32 and 4.1 5(1 H, each m), 3.72 (1H, m), 3.23 (2H, s), 3.38-2.38 (7H, m), 2.24 (1H, m), 
2.08-1.12 (14H, m), 0.90 (3H, t). 

Example 2(e) 

11 a,15a-dihydroxy-9-oxo-3,7-dithiaprost-13E,17Z-dienoic acid 




TLC : Rf 0.52, 0.41 (EtOAc:AcOH=20:1); 

NMR : 5 5.9-5.5 (3H, m), 5.5-5.2 (1H, m), 4.6-4.2 (5H, br), 3.24 (2H, s), 3.45-3.40 and 3.1-2.2 (8H, each m), 2.2-2.0 
(2H, m), 2.0-1.8 (2H, m), 0.97 (3H, t). 

Example 2(f) 

11a,15a-dihydroxy-9-oxc^16-phenyl-17 l 18,19,20-tetranor-37-drlhiaprost-13E-enoic acid 
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TLC :Rf 0.24 (EtOAC:CH30H=2:1); 

NMR : 6 7.38-7.16 (5H, m), 5.90-5.50 (2H, m), 4.56-3.70 (7H, m), 3.21 (2H, s), 3.10-2.26 (10H, m), 1 .87 (2H, qum ). 
Example 2(g) 

11a,15a-dihydroxy-9-oxo-17-phenyl-18,19,20-trinor-3 l 7-dithiaprost-13E-enoic acid 



O 




TLC : Rf 0.52, 0.43 (EtOAc:AcOH=20:1); 

NMR: 67.35-7.15 (5H, m), 5.9-5.6 (2H, m), 4.5-4.4 and4.3-4.0 (2H, each m), 4.3-3.6 (3H, br), 3.03 (2H, s), 3.45-3.40 
and 3.05-2.20 (10H, each m), 2.0-1.8 (4H, m). 

Example 2(h) 

lla,15a-dihydroxy-9-oxo-15-cycloh^ acid 




COOH 



TLC • Rf 0 46, 0.40 (CHCI3:CH30H=9:1 , 1% AcOH); 

NMR : 6 5.77 (1H, m), 5.61 (1H, dd), 4.76 (3H : br), 4.45 and 4.14 (1H, each m), 3.92 (1H, m), 3.42-2.30 (8H, m), 
3.23 (2H, s), 1 .98-1 .56 (7H, m), 1 .54-0.85 (6H, m). 

Example 2(i) 

1 1 a, 1 5a-dihydroxy-9-oxo-1 5-cyclopentyl-3,7-dithia-1 6, 17,18,1 9,20-pentanorprost-1 3E-enoic acid 




COOH 



H5 5h 
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Example 2(j) 



1 1 a, 1 5a-dihydroxy-9-oxo-1 6-cyc!ohexyl-3,7-dithia-1 7, 1 8, 1 9,20-tetranorprosM 3E-enoic acid 



O 




COOH 



TLC Rf : 0.22 (AcOEt/AcOH, 50/1); 

NMR : 5 5.90-5.52 (2H, m), 5.04-4.40 (3H, br), 4.40-3.92 (3H, m), 3.22 (2H, s), 3.12-2.24 (7H, m), 2.24-0 70 (15H, 
m). 

Example 2(k) 

11a,15a-dihydroxy-9-oxo-15P-methyl-3,7-djthiaprosM3E-enoic acid 



TLC : Rf 0.27 (AcOEt/AcOH, 50/1); 

NMR: 5 5.84-5.46 (2H, m), 5.36-4.70 (3H, br), 4.47-3.98 (2H, m), 3.15 (2H, s), 3.06-2.20 (7H, m), 2.04-1.72 (2H, 
m), 1.60-1.40 (2H, m), 1.32-1.10 (9H, m), 0.81 (3H, t, J=6.4Hz). 

Example 2(l) 

11a,15a-dihydroxy-9-oxo-17-ethyl-3,7-dithia-20-norprost-13E-enoic acid 



TLC : Rf 0.49, 0.38 (EtOAc/AcOH, 20:1); 

NMR : 5 5.9-5.6 (2H, m), 5.6-5.0 (3H, br), 4.6-4.0 (2H, m), 3.23 (2H, s), 3.45-3.40 and 3.1-2.2 (8H, m), 2.0-1.8 (2H, 
m), 1.6-1.2 (7H, m), 0.83 (6H, t, J=7 Hz). 

Example 2(m) 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithia-20-norprost-1 3E-enoic acid 



O 




O 



HO 
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TLC : Rf 0.47, 0.37 (EtOAc/AcOH, 20:1); 

NMR: 5 5.85-5.60 (2H, m), 5.6-5.2 (3H, br), 4.5-4.4 and 4.25-4.05 (2H, m), 3.23 (2H, s) ( 3.45-3.40 and 3 1-22 (8H 
m), 2.0-1 .8 (2H, m), 1 .7-1 .2 (6H, m), 0.92 (3H, t, J=7Hz). 

Example 2(n) 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithia-20-homoprost-1 3E-enoic acid 




TLC : Rf 0.58, 0.46 (EtOAc/AcOH, 10/1); 

NMR: 5 5.71 (2H, m), 5.38 (3H, br), 4.45 and 4.17 (2H, each m), 3.42 and 3.03 (1 H, each d, J=6.6 and 11Hz), 3.23 
(2H, s), 2.98-2.20 (7H, m), 1.88 (2H, m), 1.54 (2H, m), 1.48-1.15 (8H, m), 0.89 (3H, t, J=6.4Hz). 

Example 2(o) 

11 a,1 5a-dihydroxy-9-oxo-1 6p-methyl-3,7-dithiaprost-1 3E-enoic acid 



O 




TLC : Rf 0.53, 0.42 (EtOAc/AcOH, 20:1 ); 

NMR : 6 5.85-5.60 (2H, m), 4.5-4.4 and 4.2-4.0 (2H, m), 4.6-3.8 (3H, br), 3.22 (2H, s), 3.45-3.40 and 3 1-22 (8H 
m), 2.0-1 .8 (2H, m), 1 .7-1 .1 (7H, m), 1 .0-0.8 (6H, m). 

Example 2(p) 

11a l 15a-dihydroxy-9-oxo-3,7-dithiaprost-13E,19-dienoic acid 
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TLC : Rf 0.62, 0.56 (EtOAc/AcOH, 20/1); 

NMR: 5 5.88-5.48 (6H, m), 5.00 (2H, m), 4.42 and 4.15 (2H, each m), 3.40 and 3.02 (1H, each d, J=6.6 and 
J=11Hz), 3.22 (2H, s), 3.06-2.28 (7H, m), 2.08 (2H, m) t 1.86 (2H, m), 1.52 (4H. m). 

Example 2(q) 

1 1 ot, 1 5a-dihydroxy-9-oxo-1 9,20-methano-3,7-dithiaprost-1 3E-enoic acid 




TLC : Rf 0.37, 0.19 (EtOAc/AcOH, 20/1); 

NMP : 5 5.74 (5H, m), 4.44 and 4.15 (2H, each m), 3.41 and 3.02 (1H, each d, J=6.8Hz and J= 11Hz), 3.23 (2H, 
s), 2.98-2.19 (7H, m), 1.86 (2H, m), 1.73-1.10 (6H, m), 0.63 (1H, m), 0.40 (2H, m), 0.00 (2H, m). 

Example 2(r) 

1 1 a, 1 5a-dihydroxy-9-oxo-1 8-methyl-3,7-dithia-20-norprost-1 3E-enoic acid 




TLC : Rf 0.50, 0.27 (EtOAc/AcOH, 20/1); 

NMR : 5 5.68 (5H, m), 4.44 and 4.15 (2H, each m), 3.42 and 3.03 (1H, each d, J=6.6Hz and J= 11 Hz), 3.23 (2H, 
s), 2.98-2.20 (7H, m), 1.88 (2H, m), 1.57 (3H, m), 1.23 (2H, m), 0.90 (6H, d, J=6.6Hz). 

Example 2(s) 

naJSa-dihydroxy-g-oxo-iea-methyl-SJ-dithiaprosMSE-enoic acid 
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TLC : Rf 0.49, 0.39 (EtOAc/AcOH, 20:1); 

NMR : 8 5.9-5.6 (2H, m), 4.5-4.4 and 4.3-4.0 (2H, m), 4.7-3.9 (3H, br), 3.23 (2H, s), 3.45-3.40 and 2 9-2 2 (BH m) 
2.0-1.8 (2H, m), 1.7-1.0 (7H, m), 1.0-0.8 (6H, m). 

Example 2(t) 

1 1 a, 1 5a-dihydroxy-9-oxo-1 6-cyclopentyl-3,7-dithia-1 7, 1 8, 1 9,20-tet ranorprost-1 3E-enoic acid 



O 




TLC : Rf 0.53, 0.37 (EtOAc/AcOH, 20/1); 

NMR : 5 5.76 (5H, m), 4.44 and 4.18 (2H, each m), 3.42 and 3.03 (1H, each d, J=6.8Hz and J=11Hz), 3.23 (2H 
s), 2.96-2.20 (7H, m), 2.01-1.38 (11H, m), 1.13 (2H, m). 

Example 2(u) 

11a,15a-dihydroxy-9-oxo-16a-methyl-16-phenyl-3,7-dithia-20-norprost-13E-enoic acid 




TLC : Rf 0.42, 0.32 (EtOAc/Hex/AcOH, 15:5:1); 

NMR : 5 7.4-7.2 (m, 5H), 5.71 (dd, J=15, 6Hz, 1H), 5.64 (dd, J=15, 8Hz, 1H), 4.35 (t, J=6Hz, 1H), 4.35 (t, J=6Hz, 
1 H), 3.95 (q, J=8Hz, 1 H), 3.22 (s, 2H), 3.35-3.3 and 3.0-2.3 (m, 9H), 3.2-2.5 (br), 2.0-1 .8 (m, 2H), 1 .38 (d, J^6Hz 
3H). 

Formulation Example 



The following components were admixed in conventional method and dried. Microcrystalline cellulose was added 
to the mixture to obtain the total weight 10 g. The resulting mixture was mixed sufficiently to make it homogeneous 
and then tabletted in conventional manner to give 100 tablets each containing 30 jig of the active ingredient. 

a solution of 11a,15a-dihydroxy-9-pxo-3 t 7-clithiaprost-13E-enoic acid (3 mg) in ethanol 10 ml 
magnesium st earate 100 mg 
silicon dioxide 20 mg 
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talc 10 mg 

carboxymethylcellulose calcium 200 mg 
microcrystalline cellulose 5.0 g 



Claims 

1 . A 3,7-dithiaprostanoic acid derivative ot the formula (I): 




(wherein R 1 is hydroxy, C1-4 alkoxy or a group of the formula: 



-NR 6 R 7 



wherein R 6 and R 7 , independently, are hydrogen atom or C1 -4 alkyl, . 
R 2 is hydrogen atom or hydroxy, 
R 3 is 

(i) C1 -8 alkyl, C2-8 alkenyl or C2-8 alkynyl, 

(ii) phenyl or C3-7 cycloalkyl, 

(iii) C1-8 alkyl, C2-8 alkenyl or C2-8 alkynyl substituted by phenyl or C3-7 cycloalkyl, 

with the proviso that, alkyl, alkenyl, alkynyl in (i) or (iii) may be substituted by one hydroxy group, when R 2 is 
hydrogen atom; 

the symbol — is a double or single bond; 

the formula including the 8-epi equilibrium compound thereol); 

a non-toxic salt thereof or a cyclodextrin clathrate thereof. 

2. A compound according to claim 1 , wherein R 3 is C1-8 alkyl. C2-8 alkenyl or C2^8 alkynyl. 

3. A compound according to claim 1 , wherein R 3 is phenyl or C3-7-cycloalkyl. 

4. A compound according to claim 1, wherein R 3 is C1-8 alkyl, C2-8 alkenyl or C2-8 alkynyl substituted by phenyl. 

5. A compound according to claim 1, wherein R 3 is C1 -8 alkyl, C2-8 alkenyl or C2-8 alkynyl substituted by C3-7 
cycloalkyl. 

6. A compound according to claim 2, which is 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithiaprost-1 3E-enoic acid, 

11a,15a-dihydroxy-9-oxo-17p,20-dimethyl-3.7-dithiaprosM3E-enoic acid, 

1 1 a, 1 5a-dihydroxy-9-oxo-1 7a,20-dimethyl-3,7-dithiaprost-1 3E-enoic acid, 

11 a! 1 6(i-dihydroxy-9-oxo-1 6a-methyl-3,7-dithiaprost-1 3E-enoic acid, 

11 a,15a-dihydroxy-9-oxo-3,7-dithiaprostanoic acid, 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithiaprost-1 3E, 1 7Z-dienoic acid 

1 1 a, 1 5a-dihydroxy-9-oxo-1 5[i-methyl-3,7-dithiaprost-1 3E-enoic acid, 

1 1 a, 1 5a-dihydroxy-9-oxo-1 7-ethy l-3.7-dithia-20^norprost-1 3E-enoic acid, 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithia-20-norprost-1 3E-enoic acid, 

11 a! 1 5a-dihydroxy-9-oxo-3,7-dithia-20-homoprost-1 3E-enoic acid, 
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. assssrs 3S--_ 

7. A compound according to claim 3, which is 

or methyl ester Ihereof. 0,1/ ' 18 ' 19 - 2 °-Pentanorprost-.3E-enoic acid 

8. A compound according to claim 4, which is 

v n< Vrcw-Wenc*ac,aorm»mylesterlher ( i- 

9. A compound accorfflns 10 claims, which Is 
to. »P"«— <..h.pm pa , a ,i mo , acompoMonteio<mi||a(ia) 
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5 




10 



which comprises amidation ot a con H 
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COOH 



(la) 
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herein a» symbols are the same meaning as 
with a compound of the iormula (III). 



defined in claim 1) 



HNR S R ? 



(111) 




40 



45 



50 



55 



COOR 




to 
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condition); 
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is a double or single bond); 
in an acidic condition. 

A pharmaceutical composition which comprises, as active ingredient, a compound of the formula (I) depicted in 
claim 1 or cyclodextrin clathrate thereof or non-toxic salt thereof, with a pharmaceutical carrier or coating. 

A compound of the formula (I) depicted in claim 11 or cyclodextrin clathrate thereof or non-toxic salt thereof, with 
a pharmaceutical carrier or coating for use in a method for the prevention and/or treatment of immunologic diseases 
(autoimmune diseases, immunological deficiency disease, organ transplantation), asthma, abnormal bone forma- 
tion, neuronal cell death, liver damage, nephritis, hypertension or myocardiac ischemia. 
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